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SUMMARY —.

Tests were made to determinethe effect of length and
the effect of ratios of diameterto wall thicknessupon
the flexuraland torsionalmoduli of failure of 61s-T “
aluminum-alloytubing.

-.

The moduli of failure in bending,as determinedb~
tests in which the tubing was loaded on the neutral axis

-.

at the one-thirdpoints of the span, were found to be~r
-a-.U--T.——

an approximatelylinear relationshipwith diameter-thick-...
ness ratio and were practicallyindependentof span within
tho limits investigated.

---
Empiricalequationsare giv~n ,,..–.+

describingthe relationsobtained. .—-—
.

Tho moduli of failure in torsionwere found to he de-
—

,pendentupon length as well as upon diameter-thickness
ratios. Empiricalequationsare given for pred?cti.ng

—

strengthswithin the range of plastic buckling. Vithil? :..:..“::”:
the elasticrange, availabletorsion theorieswere found . ----
to be satisfactory. —— .—.—

INTRODUCTION

The tests describedin this report were undertakenat
the request of an aircraftmanufacturerfor data on the

.—

moduli of failure of aluminum-alloy61S-T tubing in ba_nd- “~”– ““”
ing and torsion. In view of the increasinguse of this ‘-
alloy in aircraftconstructionthere is a need-for more

....+.,—=
i ‘L”

informationrelative to its structuralstrength. An at- .,:.:
tempt has been made in this report to present da~~.fo~ ._._. -.:
61s-T tubing parallelingthat given in figures 5-6 and. ___________
5-7 of reference1, for the other aluminumalloys commonly
used in aircraft.

The object of this investigationwas to determinethe “-- -
effect of lengthand the effect of ratio of diamet”erto

.
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.. . ..., . . .
wall thicknessupon ~he flexural‘and:”toriional”moduii”-of--”
failureof 61S-T tubing. . - .

,. .. . . ..,,

MATERIAL

Two series of tests of 61S-T tubingwere made: one
of tubinghaving a nominal outsidediameterof 2.00 inches
and the other of tubinghaving an outsidediameter of 1.32
inches. Each series consistedof tubes having ratios of
outsidediameter to thickness D/t. of approximately10,
20, 40, 60,,,and80.

●

The mechanicalpropertiesof each item of tubing
were determinedby tensile,compressive~and shear tests
of specimensof full cross section. These propertiesare
summarizedin table I and indicatethat the material,used
was representativeof normal c~mmercialprbducticn. (See
table 23 of reference2.),

SPECIMENSAND METHODSOF TEST
.

Tho loading fixtureused in the .bcamiests, which was
designqdand built at AluminumResearchLaboratoriesin
1937,.is shown in figure 1. The specimerisconsistedof
pieces of tubing of full cross section,4 inches longer
than the span. They were supportedat the ends of the
span and at the intermediateload points by snug-fitting
yokes with knife-edgesupports in the plane of the neutral
axis. The end yokes were mounted on rollors in order to
minimize.restraintto movementof the ends accompanying
the-ve,rticaldeflections. Load was applied equally to the
one-thdrdpoints of the‘s,p&nthrou.gh’knife-edgebearings’,.

.. ,in the plane-of ~“he’neutral axis. ‘

The learntests were Wade in an Amsler universalt~st-
. ing machine.of40,00,0-poundcapacity’.Intermediateload
.,ranges of 100.0,,.2000-,4000, ‘“and10,000pounds were,usedin
order to obtain.,the,gr’eatestprecision.an.d’accura.cYfor
t,h,edifferentsizes-of,tubingi’riveetig’a,ted.~..

.,

The beam specimensare describedin ta%le 11. A span
equal to 20 times,thediameterwas used for all .sizosof
tubing,and sp’an~of 10and 6 $imos tho did,meterwere also
used for the 2-inch-diamete’rtubes having D/t rati~s“of
20, 40, and 60.

.
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The torsion tests were made in an Amsler torsion
machine of 1200-foot-poufidcapacity. Intermediateload
ranges of 240, 400, and S00 foot-pounds,as well as the
maximum load range, were used. The specimensconsisted
of full cross sections of tubing gripped over a 4-inch

—

plugged length at each end. ‘l?ab:le~11 gives the dimen-
sions of the specimensand the ratios of diameterto
thickness D/t ~nd length to diameter

.—
L/D. .-..-

. RESULTS AND DISCUSSION ..— ..—

Beam Tests ..—

Table 11 gives the maximum loads supportedby the
tubing in the beam tests and the correspondingmQduli.Of
failure computedby the ordinarybeam formula -.

J.

.-
where .

Fb modulus of failure,”pounds per square inch

M maximumbending nonent under”ultimate load,
inch–pounds .—

c distancefrom neutral axis to extremefiber, inches

I moment of inertia of cross section, inch4

It will be seen from these data And from those shown in-
figure 2 that the moduli of failure in bending varied -.
considerablywith the ratios of diameterto thicknessbut
that they were not sensitiveto differencesbetween spans
of 6, 10, and 20 diameters”.In the case of the thinnest–
wall tubes,failures occurredsuddenly%y buckling of the
tube walls: Whereas, in the case of the thickes”t-walltubes.
failures occurredby plastic yielding’accompaniedby large
deflections. In no case was there evidence of impending

; failure resultingfrom excessivetensile stresses.

Figure 2 also shows the relationsfound between ten-
; sile and compressivestrengthsan?.the D/t ratios of the

. tubes. The tensile strengthswgre practicallyconstant
..+-

for the”tubings of differentdiametersand were independent
of D/t; whereas the compressivestrengths, of course,
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decreasedas D/t increased. Computedcompressive i
strengthswitihi,n“1Opercent of these test resultsare
obtainedfor values of D/t from 20 to 80 by using the
method given in reference3,

*
and the straight-linecolumn r-

curve for this materialobtainedby the nethod outline&
in reference4. The computedvalues are on the conserva-
tive side, —

It is s“eonin figure 2 that the moduli of failure in
bendingwere equal to or greater than the compressive
strengthsof the tubing for correspondingvalues of D/t.
The maximum ratio of these stresseswas 1.26, found for a
D/t ratio of,40. In tests of some duralumincylinders
with D/t ratios greater than about 300 (reference5),
it was found that the ratio of the modulus of failure in
bending to the compressivestrengthof the cylinders
varied from 1.30 to 1.80. The duralumincylindersfailed
at stressesin the elasticrange; whereas the 61s-T tubes
tested in this investigationfailed at stressesabove the
elasticrange. —

Figure 3 shows a nondimensionalplot of the data in
which the coordinatesare

-.? –.

and

(2)
t,

.

~bUrs ~ _ (3)
3’

where Cy

E modulus of elasticity,pounds yor square inch

1?Cy compressiveyield strength,pounds por square inch

This method of plottin~was proposed In concoctionwith
the analysisof resultsofsimilar tests on 17S-T!rbund
tubing (reference6). The advantageof this nondimen-
sionalplot is that it is ~ossible to include,on a
rationalbasis, factorswhich are known to affect the
modulus of failure in bending, such as theyield strength,
the modulus of elasticity,

:
and the proportionsof the

tubing. The.data~n figure 3 can be representedvery well
by the equation #

, . .. ..
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1.?
‘rs = 1.57 -.—

1
<

(4)

An expressionfor the modulus of failure of 61S-T
tubing in terms of the compressiveyield strength,the
modulus of elasticityof the material,and D/t is Ob- -
tained by substitutingequations(2) and (3) in equation
(4)● The resultingexpressionis

—

Fb . 1.57 FCF - l.? &kzC2 (5)
E t

For the propertiesof the.61S-T tubing tested,
equation(5) reduces to

Fb = 65,300- 292-: (6)

which is representedby the straightline shown with the
data in figure 2. An equationfor 61s-T tubing having”
any other value of compressiveyield strength F can
be obtainedby:substitut~ng.this’valuein equati~% (5),
provided,of course, that the material consideredhas
about the same ratio of yield strengthto ultimate
strength.a$ “the tubing tested. ‘If.it iS assumed that“the““”

.—

minimum compressiveyield”strength.isequal to the minim-
um specified“tensileyield strength,which -mightbe rea-
sonabl.efor this alloy on the basis of the values given
in table 1, the equationfor 61S-T tubing that just meets
the requirementsfor a minimum specifiedtensileyield
strengthof 35,000 pounds per square inch, accordingt?
Federal SpecificationWW-T-789, is

-.—.

s?~= 55,000 - 208 ~- (7) .-
,,

The line represetitedby.this-equ&t-ioncorrespo.ndstothe
.. design data given .infigure 5-6 of reference1, for 17S_-T .

and 24S-”Ttubing.. Figure 4 showe the effect of. D/t. ,’ upon the moduli of failure in bendingfor theee three
aluminumalloys,which have ‘guaranteedQinimum properties..,.

: ., . It should be borne in mind that the rnodul.iof fail-
ure in bendinghe’recanside’redwere obtainedfrom tests- “““---...
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in which equal loads were appliedat the one-thirdpoints P
of the spans. Under other test conditions,such as center-
point loading,slightlydifferentvalues of modulus of
failurewould probablyhave been obtained.

.
f

TorsionTests

Table III gives the maximum torquesand the corre-
spondingmoduli of failure,or average shear streeses,for
the tubes subjectedto torsion tests. These values were
computedby the formula

where

Tz?8t= —
E!’R?‘t

(8)

1? modulus of failure in torsion,St pounds per square inch

1! torqueproducing failure, Inch-pounds
x

r mean radius, inches

Two types of action were obtained: one involvingplastic
bucklingin which the moduli of failurewere dependent
mainly upon D/t; the other involvingelasticbuckling
in which L/D as well as D/t was a significantfactor.
In the cases of.plastic buckling,the moduli.offailure
developedwere above the shear yield strengthsof the ma-
terial given in table I; in the cases of elasticbuckling,
the computedstresseswere below theseyield-strength
values.

c,

Figure 5 shows the results obtainedby plotting t/D
against ratios of moduli of failure in torsionto tensile
strengths. This method of analyzingtorsiontest data for
aluminum-alloytubingwas first used at the NationalBureau
of Standarde(reference7) and is helpful in illustrating
the types of action involved. In view of the fact that
only one test result for 61S-T tubingwas obtainedin the
vicinityof the so-c”alledrange of plastic shear, the lim-
itsshown.for this ranga are based largelyupon the”results !
of other torsiontests of al”uminum-alloytubing (roferonce8),
It has been found that the shear strengthof the heat-
treatedalloys in torsion,which constitutesan upper limit
for moduli of failur’e,

&
may be taken consorvativalyat about

65 percent of the tensile strength. Although the transition
between the ranges of plastlc shear and plastic buckling
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has been selectedarbitrarilyat a value of t/D of 0.1
and there are some data which indicatethis choice to be
reasonable, there i’s,of course,no de:fi’nitepoint mark-
ing the limits of the two types.of action. - .

. In the range of plastic bucklingsho”wnin figure 5
the relationbetween torsionalmodulus of failure,tensile
strength,and t/D may be expressedapproximatelyby.the.
relation

??St ~ ~“t
.-

. . 2 —Sc ---1-0.93”” ‘ “(9)
i?t”~ n

where ~tu is the tensile strengthin pounds per square
inch. This empiricalexpressionfor 61S-T tubing differs
from those developedfor 17S-T, 24S-T, and 24S-RT tubing
at the National Bureau of Standards(reference7j an-d.”at
Wri-ghtField (reference9) in that the slope of the cor-
respondingstraightline is less and the interccipton the
theoreticalcurves for elastic bucklingis.highe_rthtin
that foundfor these other aluminum.alloys. The “explana-
tion for this differencemay presumably-beattributedto
fundamentaldifferencesin the stress-straincharacter-”
istics of the materiale. The ratio of the”tensileyield
strengthto tensile strengthfor the 61S-T tubiugus”ed
averaged0.89, which iS appreciablyhigher than the cor-
respondingratios for the other”afore-mentionedaluminum
alloys. For materialhaving a yield.strengthequal to
the tensile strength,it Seems reasonableto believe that
the straightline for the range of plastic bucklingwoul&
bi?c.omealmost ‘horizontal;that is.,there would be no inter-
mediate range betweenplastfc shear, where the &ltimate
strengthis the controllingfactor, and the ra-ngeof ela-s-.
tic buckling. .,

The transitionbetween the range of plastic and.elas-
tic’bucklingwith respect”to ~t/D depends upon the.length
of tubing considered; The theoreticalbuckling curves
shown in fi”gure5 were computedfor an assumed cofiii$t”ion
of simply supported.edgesac.co.rdi.ngto a solut+ondevelo~ed
b~ R, G. Sturm* and summarizedin reference”10. Values of
modulus of failure averagingabout 7 percent‘higherwould
have been obtainedhad the torsion theory proposed by L. H.
Donnell in reference11 been used. Although the agreement
between theoreticaland observedmoduli of failure in the
elasticrange is not especj.allygood in some ca:esl the

*Thes~ssub”mi.tt”edto UniversityO* ““~ekraska in yarti”~-l >&l-

fi.llmentof the requirementsf,orthe professionaldegree
in divil l!!ngineering,June 1958.

.- —-

..

-.

-—

—
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resultsappear sufficientlyclose to warrant consideration
of”the length effect. In the reportsby the Bureau of
Standardsand by Wright Field (references7 and 9),
Schwerinlstheoreticalsolutionfor long tubes was used,
which does not includelength as a significantfactor in
the range of elasticbuckling.

Figure 6 shows more clearly than figure 5 the rsla-
tlon found betweenmoduli of failure in torsionand L/D.
Por tubeshaving values.of D/t of 19.8 and 39.4, the
length of specimentestedhad no significantbearinguyon
ultimatestrengths. For tubes having a value of D/t of
58,8 the effect of lengthwas slightlynoticeable,and
for a value of D/t of 80.6 the lengthfactor was quite
significant. The test values for tubingwith a.value of
D/t of 80,6 averagedabout 12 percentbelow the theoret-
ical curve for elasticaction,

Tigure7 shows the relationfound betweenmoduli of
failure in torsionand D/t for two series of tps’tsin-
volving&ifferentvalues of L/D. In the range of plastic
bucklingthe empiricalcurve”showncorrespondsto the ob-
lique straightline given in figure 5. The theoretical 1
curves for elastic bucklingwere computedin the manner

.

previouslydiscussed. The fair agreementbetween computed , ,
and observedmoduli of failurefor the proportionsof .
specimensused is belie”vedto warrant the conclusionthat
the torsionalstrengthof any size of-61s-T!tube may be -—
predictedwith reasonableaccuracy,provided that the ratio
of tensileyield to ultimate strengthis comparableto that
for the material tested. In the range of plastic shear in-
volvingvaZues of D/t less than about 10, the ultimate
shear strengthof the material in torsionmay be assumed
equal to 65 percent of the tensile strength. In the range
af plastic bucklingthe empiricalequationgiveu in figuro
7 requiresonly the substitutionof a valuo for tensile
strength ‘tu to make it applicableto other 61S-T tubing
or to other aluminumalloye having the same ratio of ten-
sile yield to ultimate strength. Elastic bucklingbecomes
criticalwhenever the stressescomputedby the torsion
theory,involvingboth D/t and L/D, are less than those
determinedby the equationproposedfor plastic buckling.

Figure 8 showe the relationbetween D/t and rnoduli
of failure in torsionfor 24S-RT,24S-T, and 17s-T tubing
as indicatedin figure 5-7 of reference1 and correspond=
ing data for 61S-T tubinghaving guaranteedminimum prop-
erties accordingto Federal SpecificationWW-!?-789,Inas-
much as the ratio of t6nsileyield to ultimate strength
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for 61S-T meeting specificationrequirementsiq.about
0.83, instead of 0.89 as found for the tubing tested,
equation (9) is not strictlyapplicable. On the ~asis
of results obtainedfrom other torsiontests of aluminum—
alloy tubing;however, in which it has been possible to
investigatemore thoroughlythe.effect upon torsi.on-.l
strength of the ratio of tensileyield strengthto ulti-
mate strength,the followingequationfor 61S-T.tu.bing
meeting specificationrequirementshas been obtained

FturSt = y (5.9:“+ 0,71) (lo)

The curve for 61S–T tubing shown in figure 8 was deter–
mined from equation (10).

It should be pointed out in connectionwith figure 8
that the moduli of failure given in reference lare appar–
ently extremefiber stressescomputed.by the ordinary
-torsionformulafor circularsections!whereas for thg”.
61S–T tubing they are values co~putedon the assumption,
of a uniform distributionof shear stress at failure..
The latter procedurewas adopted because it Wa.Sbelieved
to approachmore nearly the actual stress conditiondevel-
oped in a ductilemater-ialstressedabove the elastic-
range. The differencebetween the two methods of computi-
ng moduli of failure does not become significantuntil
relativelythick-walltubes are considered. For a value
of D/t of 20, for example, the differencein stresses
is only 5 percent;for a value of D/t of 10,the differ-
ence is 10 percent, In the case of“asolid round bar,
having a value of D/t of 2, the modulus of failure d&– ““”

..—

fined’as extremefiber stress is 33 percent higher than
the value obtainedby assuminga uniform distributionof
shear stress. It appearsfrom figure 8 that the values
of modulus of failure shown by the ANC—5 curves for val-

- ...

ues of D/t from 2 to 10 are not extremefiber stresses
but correspondrather to the assumptionof uniform stress
distributionmade for the 61S–T tubing

. .

—-
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,,.

The followingconclusionshave been drawn from the
data and discussionpresented”itithis’report on bean and
torsiontests of 61S-T aluminum-alloytubing:

1. The materialused in this investigationwas rep-
resentativeof normal commercialproduction. The tensile
and compressiveyield strengthswere approximatelyequal
and averagedabout 90 percent of the tensile strengths...-

2. The moduli of failure in bending,as determined
by tests in which the tubingwas loaded on the neutral
axis at the one~thirdpoints of the’span, were found to
bear an approximatelylinear relationshipwtth diameter-
thicknessratios,and were practicallyindependentof span
within the limits investigated.

3. For diameter-thicknessratios between10 and 80
the moduli of failure in bending,exceeded,in every case.
the compressivestrengthof.the tubing obtainedfor spec-
imens of slendernessratio of 10. For diameter-thickness
ratios less than 70 the moduli of failurealso exceeded “
the tensilestreqgt-hof the mater$al.

4, For the tubing tested,which had a compressive
yield strengthequal to about 41,500 pounds per square inch,
the moduli of failure in bendingare approximatedby the
oquati.on

Fb = 65,300- 292 ~

where -
.

Fb modulus of failure in bending,

I) outsidedlametor,inches.

t wall thickness,inchee

(6)

pounds per square inch

For material that has a value of compressiveyield strength
equal to the minimum tensileyield strengthof 61S-T,
accordingto Federal specificationVW-T-789,values of
moduli of failure in bendingmay be approximatedby means
of the equation

‘b = 55,000 - 208 ~
t

(7)

r

I
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5. The moduli of failure iri-torsionfor the tubas
.—-—

which failed by plastic bucklingfor diameter-thickness .____
ratios of 10, 20, and 40 at stressesabove the shear
yield strengthof the material,were found tO follow”the
empiricalrelation

—

I?tu
I’s% =y (3.7; + 0.93) (9)

where

F modulus of failure in torsion,St assumfugunifor~ shear
stress,pounds per square inch

—.—

~tu tensilestrength,pounds per square inch

Equation (9) appears applicableto.other 61S-T tu3ing,
providedthat a ratio of tensileyield to ultimate strength ““””
of about 0.89, correspondingto that of the material
tested, is obtained.

6. For 61s-T tubing that has propertiesjust meeting
specificationrequirements,for which the ratio”often-
sile yield to ultimate strength is equ’alto about 0.83,
moduli of failure in torsion in the range of plastic buck-
llng may be estimatedfrom the relation

F
et =

~ (5.9~ + 0.71)
D

(lo)

7. ghe mcduli of failure in torsionfor the tubes
that failedby elastic buckling,in which both di.ameter-
thicknessand length-diameterratioswere significant

*

factors,were computedquite satisfactorilyby available f
torsiontheories. The limits of applicabilityof the
bucklingtheoriesand the empiricalequationsfor plastic.
bucklingdepend upon the length-diameterratios of the
tubing.

AluminumResearch Laboratories,
Aluminum Company of ~merica, ‘

NOW Kensington,Pa,, May 22, 1942.
—
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T.ABLEI

MXCHANIOALPRO_”Ii!S02?MATERIALUSXDI?OR3EAMANDTORSIOITTESTSOF61S-TROUNDTURING

[Spqcimensoffullcrosssectionused.;averagemodulusofelasticityintensionas
determinedwithMartensmirror-t~eextensometeron~in. gagelength,10,000,000
lb/sqin.;averagemodulusofelasticityinshearasdeterminedbyAmslertroptom-
eterson16-in.gagelength,,gT0,000lb/sqin.

L
ValuesfromFederalSpecification

WW-T-T@: tensilestrength,,000lb/sqin.;tensileyiel~strength,35,000
lb/sqin.;elongationin2 in.forwallthicknessesbetween0.025and0.049in.,g
percent;elongationin2 in.forwallthicknes~esbetween0.050and0.2sgh.,
10percent]

Nominalsize

(in.)

~t side wa
diameterthickness

I

I

{

0.016
.023
●033

1.32 ●066
.132

( .025
.033

2.00 ‘ .050

1
.100
.200

Yieldstrength Ultimatestrength
(offset,0.2percent)

(lb/sqin.) I (lb/sqin.)

Tension

40,500
y,ooo
3s,500
39,800
39,700
40,700
40,000
41,500
3g,600
41,000

CompressionShear Tension

(b)
(b)

41,000
4.2,30~
41,000

(b)
40,700
42,600
37,600
w ,400

(’b) 45,000
(b) 43,000

22,00043,820
22,Efoo 46,200
22,50045,200

(b) 44,900
(3) 44,900

23,joo 45,700
21,50042,700
(c) 45,400

;ompressiona

40,goo
9,000
;1,900
46,300
52,700

8,6~
L ,&X30
43,600
43,600
53,3~~

Elongation

(percent) -

in2 in.

10.0
17.0
19.0
M*5
22.0

17.0
18.5
21.5
~c,5
26.0

ingill.

$.3
11.4
11.9
12.0
12.3

11.4
12.5
12.6
13.9
13.0

.

co
UJ
4

~eterminerifromgpecimonshavinga slondornossratioof10,
-Tuhofaileclata strainlessthanthatdofinibgthoyieldstrength.

s~~-ficionttodevelopshearyieldstror@h.‘Torsionnachinocapacitynot

.

1



rspocimonstcstodasSWIY supportadboems;loadonnoutrsl
‘axisat em-thirdpoint;ofth;spans]

Outside
tiameter,D
(in.)

I.322
1.322
I.321
1.329
1.319

2.002
2.002
l.gga
l.ggg
2.001

2.002
1.998
L*ggg

2.002
l.ggg
1.998

wall
thiclaiess,t

(in.)

0.016
.022
.033
.066
.132

.025
co3
.0b
.100
.202

%;
40.0
20.1
10.0

go.1
60.7
40,7
20.0
9.9

60.7
40.7
20.0

60.7
4Q,7
20,0.

KomantOf

inertia
(~#4)

0.0140
.0190
.0277
.0523
,of377

.0757

.0990

.1426

.2693

.4669

.0990

.14.26

.2693,

,0990
.1426
.2693

span

ma-
20
20
20
20
20

20
20
20
20
20

10
10
10

:
6

--Fis-

26.0
26.0
26.0
26.0
26.0

$::
40.0

$::

20.0
20.0
20.0

12.0
12.0
12.0

Maxmum
load
(lb)

197
304
512
1067
lG’g3

4-gg
720
1172
2215
4400

1467
2356
W!oo

2449
3975
7445

?lodulusof
failurea
(lb/sqIn.)

40,7Jlo
Wj,q50
52,915
513,730
61,660

43,l!$go
43,530
54,740
IjJ,720
62,860

49,440
55,010
54,410

4g,490
55,680
55,250

I %kxqmtedbaaingStressine~renof~berscorrespond-tomaximumbandingmoment.
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TABLEIII.- DESCRIMIOH03’SPECIilZ!HSANDRXSUII!CS03

Out side
diameljer,D

(in.)

z.322

1.325

1.321

1●jlg

1.319

2.000

2.001
I.ggg

z.996

3‘wall
thickness,t

(in.)

0.0164

.Owj

.0335

.0665

.1320

.0248

.0330

.0495

.0995

Length
belween
grips,L
(in.)

7*5
22.5
36.5

7*5
22.5
36.5

7*5
22.5
36.5

7.5
22.5
36.5

22.5

23.0

23.0

23.0

23.0

go.6 5.7 70
~o.617.0 3a
go.627.6 3U
y3.8 5.7 !3;
5g,g17.0
5%*827.6 76
39.k 5.7 165
39.417.0 162
39.~27.6 160
lg.g 5.7 346
19.617.1 3b3
Ig.g27.7 354

10.017.1‘ 697

IIgo.611.5’195

60.611.5 339

I20.111.5 llb7

15

Modulusof .-
failurea
(lb/sqin.)

19,100
10,400
9,300

18,600
17,400
15,200

22,700
22,300
22,003

25,400
25,100
25,9M

2~,600

15,@3

20,200

23,900

2k,500

aComputedshesrstressinmeanfiberscorrespondingto
meximumtorque.



-. . . . .

I

lgure L- Methodof loadingbeam specimenson the neutralaxis at the one-thixdw
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Figure4.-Modulusof failurein bendingofaluminum-alloyroundtub-
ing. Beamsloadedatone-thirdpointsofspan;tubessup-

portedagainst100alfailureat Ioedtngpoints.(Datafor178-Tand
24S-Ttubingaretakenfromfig.5-6of referenceZ.)



NACATechnkalNoteNo.867 Xig.5

1.4

1.2

# 1.0
p?mml%
CQ
*

.8

.6

.4
m

.2

0

1
I

~

1 !
Plastic

., bucld.ing
I
1

i
I

1
I

/ —
! I
=1 c1 Plastic’

shear
1

v

i

I I

, —.

““2 ~ ‘“3” $ ; ‘o “93
!

I I /.,
I I— --1---:.-1 iii

0 - JIZasticbucHingl I 1
‘“ (theoretiql)

1
~= I Di&71.03? \

L/i) ti%ing I
~ (in.) I

o 11.5 2.00 !
5.7 --l
17.0 “. 1.32I
27.6 ~

1 — ——r
!

1“
I I

I

F 1

~ r—

I
— I I

I ii ,1 ~
.02 .04 .06 .08 .10

Wallthic;zmess&
Outw3idediemeter’D

Figure5..Modtiusof failurein torsionforalu?rtin~alloyround
tribing.
%y
—= 0.89
3’~~

rtu= 44,700poundspersquareinch

--



TechnicalNoteN0,86’7 Fig.6

.

:

I’wA

.

60,000

10,000

0.

.

1 t ,

~omputedvariationInFst,
,;assumingelasticaction

I 1f//
.,8/.

Y.//

,!”\ D = 19.8, I
I \ Zt Q
i \ I
<cl \ I ,39.4

\ o
\ P- ! T\ \

\ 1 — —4
\ IV’ /

-_ . —780.6
/7— 4 ——

I I I

I

5. 10 15 20 25 30
Length ,&

Outsidediemeter D
Figure6.-I.lodulioffailurein torsionagainstL/D ratios

foraluminum-alloyroundtubing.Diameter,1.32in.”
>.

*



NACATechnicalNoteNo.867

.

Fig.‘7

f

.
,

50,000

CJ

> 40,000
A

.
-P

l=!’

I I
Diem.of

L/D tubing
(in.)

o 11.5 2.00

‘lastic L 1’7.0 1.32
;h=r

I I I I II ~
‘—+=—————PlasticbucHing I Illi

! I I I \ I I

-N I 1’+1
\ I 1 I

‘\\ Elasticbuckling
\\\ – ~(theoretical)

?, f
I
# A..1 L/D =
, p~ ~ ,7;+ Q.@2(”
‘Fet= —

1 I I I
I [ I I 1’7.6

t
I i I

o

Figure7.-

XI 40 60 80 100

Outsidediameter, Q
Wallthickness t

Moduliof failurein torsionagainstD/t ratios
foraluminum-alloyroundtubing.
Fti= 44,700poundspersquareinch —....



. ,-

E0,000

--- ● ✍✌✎

\ ,24S-RT , Fti= 70,CQ0 lb/sqin.
/

/’ \

\
\

\ ,

\ \ \ ,242-T,~~ c 62,000

\
\ .---176-T , r~ = 55,C!O0

6N-!I! , Ii’tu = 42,0~’
—

..

10 20 30 40 m 6
Outside diameter , Q
Wall ‘Mohess t
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